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The importance of sagittal balance for the evaluation and treatment of spinal disorders is widely recognized among spine specialists. 1Y6 The understanding of the regulatory principles of sagittal balance is useful to achieve good outcomes when treating different spinal disorders in the field of orthopedic rehabilitation and spine surgery, especially when treating major spinal deformities in adults such as scoliosis. 7Y9 Where the term scoliosis defines a tridimensional curvature of the spine and trunk, it causes a lateral curvature in the frontal plane, an axial rotation in the horizontal one, and a disturbance of the sagittal plane normal curvatures. 10 Moreover, according to the literature, scoliosis in Parkinson disease (PD) subjects has a higher prevalence (ranging from 43% to 90%) than in the general population (from 6% to 30%). 11Y13 As well described by Doherty et al., 12 the onset of a spine deformity, together with hand and gait symptoms, is one of the signs of PD. Patients can even show complex deformities on both the coronal and sagittal plane with different degrees of severity and types of deformities. Among these different types, some authors well described camptocormia, antecollis, Pisa syndrome, and scoliosis as relevant clinical expressions of PD. 12 The literature presents data on and considerations about the existing pathophysiology of spinal deformity onset and evolution according to central (dystonia, proprioceptive alteration) and peripheral (myopahty, skeletal changes) hypotheses. 12 Some hypotheses have been developed about the existing correlations between scoliosis and PD with the clinical presentation of PD (laterality of the symptoms and signs) or L-Dopa treatment strategy, 12 but most of the studies are weak because of the small dimension of the sample or because of the lack of control group to make comparison reliable. That is why final conclusions about the underlying etiologic mechanisms cannot be drawn. 12 On the other side, the influence of spinopelvic balance on adult spinal deformities has been widely studied. 14Y17 Based on this research, it is now clear that pelvic incidence (PI) is the main regulator of lumbar lordosis (LL) and pelvic tilt (PT) values. As the increase of this last parameter represents the main compensatory mechanism to anterior sagittal imbalance, it can be easily argued that the value of PI, a structural biomechanical parameter of pelvis shape, may play a major role in the acquisition of a different type and severity of scoliosis.
Actually, a new classification system endorsed by the Scoliosis Research Society highlighted the importance of pelvic balance in the prediction of pain and disability in adult spinal deformities. 13 Given the fact that the correlations among sagittal balance parameters and scoliosis typically observed in a portion of the PD patient population have not yet been analyzed, the present study has, as primary outcome, the evaluation of the relationship that spinopelvic parameters and sagittal balance parameters are presenting with scoliosis deformity in patients with PD. In the current study, the authors also aimed to evaluate the different diseaserelated sagittal balance and spinopelvic morphologic changes in a cohort of 60 adults affected by PD with and without scoliosis, with particular attention to spinosacral angle (SSA) and spinopelvic angle (SPA) differences between these two groups.
METHODS

Design
This is a prospective cross-sectional study. Procedures were conducted according to the Declaration of Helsinki. Before participation in the study, all patients signed an informed consent form.
Participants
Sixty consecutive community-dwelling patients (44 male and 16 female patients) who were diagnosed with idiopathic PD by a neurologist have been included in the study protocol. 17 They were enrolled consecutively during a medical examination in a rehabilitation department by one of the authors (LB) and were aged 50 to 83 yrs (mean [SD] age, 69.5 [7.9] yrs; mean [SD] body mass index, 27.5 [6.4] kg/m 2 ). None of the participants exhibited dyskinesias. All participants, without the use of assistive devices, had to be at least independent with ambulation and without risk of falling inside the home or during medical examination. Patients were not affected by osteoporotic fractures of the spine, pelvis, or hip. Patients with rigid contractures of the knee were excluded. All participants followed their normal medication regimen during testing and the functional evaluation was performed during the ON phase at least 60Y90 mins far from the last administration of the last dose of therapy. Participants were excluded if they had parkinsonian disorders such as progressive supranuclear palsy, Shy-Drager syndrome, corticobasal degeneration, secondary parkinsonism, and familial parkinsonism; had a Mini Mental State Examination score below 23/30; or were unable to walk and stand unassisted inside the examination room without an assistive device. In addition, the participants_ ability to follow simple instructions, as determined by their responses to questions and instructions, was assessed during the medical examination and consent process. Medical and radiologic evaluation was completed on the same day. Patients affected by known positive history of adolescent idiopathic scoliosis, with acute vertigo, or classified as belonging to stage 5 of Hohen-Yahr classification were excluded from protocol examination.
All the subjects included were then organized into two groups: 30 PD patients with scoliosis greater than 10 degrees Cobb (10 were female) and 30 Parkinson subjects without scoliosis.
Clinical Measurements
Within a multidimensional evaluation model, the UK Brain Bank Parkinson_s criteria (bradykinesia, muscular rigidity, 4Y6 Hz rest tremor, and postural instability) have been used by neurologists to confirm a diagnosis of PD, 17 whereas the Hoehn-Yahr (HY) scale (range, 0Y5) has been used to define the degree of level of disability. 18, 19 The Movement Disorders Society revision of the Unified Parkinson Disease Rating Scale, the UPDRS part 3 (motor examination; range, 0Y108) (UPDRS-M), has been used to detect the degree of motor impairment, disease severity, and disability in PD patients. 20 The angle of trunk rotation (ATR; rib hump and lumbar prominence) was assessed with a Bunnell scoliometer (Orthopedic Systems, Inc, Hayward, CA) in a standing, bent-over position (arms dangling, palms pressed together). 21 In PD patients, all the functional scores have been collected by the same evaluator, who had more than 10 yrs of experience in the field of spine problems and spine deformities.
Radiographic Measurements
Lateral and frontal spine radiographs were taken for each patient of the two groups using a standardized procedure in the same radiologic center. A 230-cm distance was maintained between the subject and the radiographic source. Each patient maintained the same comfortable standing position with the upper limbs raised forward and fists placed on the clavicles as described by Horton et al. 22 In PD patients, for ethical reasons, the radiographic sessions were performed only during the ON phase of the therapy. With this protocol, T12, the lumbar spine, the sacrum, and both femoral heads were visible for the subsequent radiographic evaluation as this procedure allowed the collection of angular measures that were preferred to the linear measurements. All radiologic measures were performed by the same operator.
As described in the literature, 2 the spinal parameters evaluated in this research were as follows: LL, thoracic kyphosis (TK), SSA, SPA, and spinal tilt. In agreement with previous studies, LL and TK were measured using fixed-end vertebrae: the angle between T4 and T12 defined the TK whereas the angle between T12 and S1 was calculated as LL.
The evaluation of pelvic parameters included PI, sacral slope (SS), and PT. As described by Mac-Thiong et al., 5 the relationships between the parameters of spinopelvic balance and morphology have been studied calculating the following ratios: SS to PI (SS/PI), PT to PI (PT/PI), and PT to SS (PT/SS) ( Table 1 ).
Statistics
The data have been analyzed using the SPSS 19.0 software (SPSS Inc, Chicago, IL). Descriptive statistics (mean and SD) were provided for all subjects, as well as for male and female subjects. The relationships between each spinopelvic parameter were assessed using Pearson coefficients. Statistically significant correlation coefficients were considered clinically large if they are above 0.5; moderate, between 0.49 and 0.3; and small, between 0.29 and 0.1. 23 A level of significance at 0.05 was used for the statistical analyses for the analysis of the differences among patients with and without scoliosis during t test. The authors added data related to sex distribution in the two groups considered. A regression was done and sex was not able to Angle between S1 and T12 PI Angle described by a line perpendicular to the S1 endplate and one drawn from the S1 endplate to the center of the femoral head PT Angle described by a line perpendicular to the center of femoral head and the one drawn from the S1 endplate to that point influence results significantly. Data were tested for normality, and most of them showed a normal distribution; thus, the authors decided to apply parametric tests.
RESULTS
Clinical Characteristics of the Participants
Descriptive statistics for demographics, pain, and functional parameters including mean values of HY score and UPDRS-M scores of the two groups are presented in Table 2 . According to the radiographic criteria, no deformity in scoliosis (Cobb angle e 10 degrees; mean [SD] Cobb angle, 2.5 [4.1] degrees) was detected in 30 patients, whereas in 30 other patients, there was a clinically relevant deformity in scoliosis with a Cobb angle greater than 10 degrees and a mean (SD) value of 23.1 (11.3) Cobb degrees in the major curve. The distribution of patients without and with scoliosis is presented in Table 2 . No differences were noted about the duration of disease, HY score, or UPDRS-M score in the two groups (P 9 0.05) ( Table 2 ). As expected, a higher value of ATR was measured in the group of patients with scoliosis than in the one without (4.9 [3.58] degrees vs. 1.5 [2.0] degrees, P G 0.05). In patients with scoliosis, the ATR value presented a significant correlation with the severity of main curve (r = 0.63).
Correlation Among Sagittal Parameters
Correlation coefficients of sagittal parameters are presented in Table 4 .
In patients without or with scoliosis, the duration of disease did not present any correlation with SSA (r = j0.15 and j0.23, respectively, P 9 0.05) or SPA (r = j0.11 and j0.24, respectively, P 9 0.05). As expected from previous findings in adulthood, LL was positively correlated with TK in both groups (r = 0.37 for patients without scoliosis, r = 0.51 in the group with scoliosis, P G 0.05). With regard to the pelvis, LL was positively correlated with SS in the two groups (r = 0.75 in the nonscoliosis group, r = 0.54 in the scoliosis group, P G 0.05). In both groups, the LL value was mainly positively correlated with the spinal sagittal overall balance described by SSA (r = 0.53 in the scoliosis group and r = 0.82 in the nonscoliosis group, P G 0.05), whereas the correlation with SPA was positive in the scoliosis group (r = 0.71, P G 0.05) and absent in the nonscoliosis group (r = 0.02, P 9 0.05). SSA presented a correlation with SS only in PD patients without scoliosis (r = 0.64, P G 0.05). PT was negatively correlated with LL and SS in the scoliosis group (r = j0.41 and j0.52, P G 0.05) whereas it was not correlated in the nonscoliosis group (r = 0.14, P 9 0.05). In both groups, the SPA value was negatively correlated with PT (r = j0.62 in the group without scoliosis and r = j0.74, P G 0.05), whereas only in the scoliosis group was it positively correlated with SS (r = 0.57) ( Table 3 ). SSA mean value was negatively correlated with PT in the scoliosis group but not in the one without scoliosis (r = j0.43, P G 0.05). The severity of scoliosis (Cobb angle value of the major curve) did not present any correlation with any of the spinopelvic and sagittal balance parameters (P 9 0.05), whereas in patients with scoliosis, it was positively related to the ATR value measured with a Bunnell scoliometer (r = 0.66, P G 0.05).
Sagittal Balance
Average values (SD) of all sagittal parameters measured for the two groups of patients are shown in Table 3 . Even if the average value of radiographic parameters seemed normal (Table 3) , the analysis of The mean value of PT tended to be unbalanced in patients with scoliosis. In fact, SS and PI remained within normative values (4), whereas PT had a slight tendency to increase at the cost of a reduced SS. Although the anatomic parameter of PI was similar between the two groups, the functional PT progressively increased in PD with scoliosis (16.3 [7.6] degrees vs. 21.4 [12.9] degrees, P 9 0.05). The suggested normality value of 0.5 for the PT/PI ratio was overcome by 5 patients (16.6%) of the ones with scoliosis, whereas in the other group, only 1 patient (3%) presented this condition. 1, 10 In the first group, 26.6% of the patients overcame the PT value of 30 degrees, whereas it happened for the 6.6% of the cases in the last one.
In the entire cohort of patients, the authors measured an average (SD) UPDRS-M value of 16.1 (12.5) points and an HY score of 2.4 (1.1) points. According to this last scale, the participants were staged as belonging to HY class 1 in 18.8% of the cases, HY class 1.5 in 9.4%, HY class 2 in 20.3%, HY class 2.5 in 3.1%, HY class 3 in 20.3%, and HY class 4 in 26.6%. Thirteen patients (20.3%) had at least one accidental fall during the 6 mos before the medical examination, and 7 (13.5%) presented with a camptocormic behavior of the trunk while walking, with no differences between the two groups (P 9 0.05), even if the occurrence of this condition was three times higher in the scoliosis group (31% vs. 11%).
DISCUSSION
The present study showed that there are no differences in severity of disease (HY and UPDRS-M values), but, as shown by the significant reduction of SSA average value, it revealed a difference in sagittal profile among PD patients with scoliosis compared with the patients without. Scoliosis could be either a sign or a consequence of a significant disturbance of the sagittal balance, as it can be argued by the loss of the normal correlations among the different parameters in PD patients with scoliosis if compared with PD patients without that condition.
In this cohort of patients, in contrast with previously reported data, 5,24 the lack of correlation with age indicates that, in the peculiar subgroup of PD patients with scoliosis, the modification of these sagittal balance parameters likely represents a typical pathologic adaptation of the spine to the disease, as shown by the presence of a negative correlation among HY score and LL and SSA in the scoliosis group. The positive correlation existing among LL, SSA, and SPA offers a further confirmation that, in PD patients affected by scoliosis, the preservation of LL is important to avoid an early progressive sagittal positive imbalance as seen in the aging process 24 and in other spinal diseases. 2,3,15Y17 In both groups of PD patients, differently to what is typically seen in the literature, 16 TK preserves a significant correlation only with LL but not with pelvic parameters such as PI or SS. On the other hand, the positive correlation that these two parameters have with PT indicates that PD patients presenting the lowest values of PI have probably a greater risk of a forward sagittal imbalance and, probably, a greater risk of evolutive neurogenic deformities on the sagittal plane but not on the frontal and coronal one. The average values of PI, PT, and SS are similar with the results obtained by previous studies, whereas, with respect to the average values seen in the healthy adult population, the results of this study showed an upward trend for PI and PT and a slightly downward trend for SS with an even more marked behavior in the scoliosis group. PT and SS values can help to detect early compensation from the pelvis (increased pelvic retroversion with SS reduction) in the context of spinal pathology, as often found in spondylolisthesis 2, 17 or global sagittal spinal imbalance in degenerative diseases of the spine. 3, 15 These findings confirm that the increased retroversion of the pelvis represents a compensation to the mechanical degenerative processes occurring in the aging spine and to the related decrease of LL that induces a positive spinal balance during the aging process. 24 Given the fact that changes in PT and SS with age are of minor importance in healthy individuals, a relevant increase in PT and/or decrease in SS has to be considered as a potential factor for further evolution in PD-related spinal deformity.
In the two groups that we studied, the findings reveal that SS is the most important and main spinopelvic regulator of LL and that the ability to avoid pelvic retroversion is the way to maintain a correct LL value. This is in some way confirmed by the presence of a four times higher percentage of patients with more than 30 degrees of pelvic retroversion in the scoliosis group than in the one without. This condition and the presence of a negative correlation among PT and LL in the scoliosis group demonstrate the tendency to have a lower ability in maintaining correct spinopelvic equilibrium in PD patients affected by scoliosis.
The ability to preserve the LL value inside a range of normality is even more important considering the presence of a significant and positive correlation between LL and SSA values in both groups of patients affected by PD ( Table 4 ).
The analysis focused on the morphologic and radiographic parameters that are most commonly used by clinicians to evaluate the sacropelvic balance and morphology in the presence of spinal deformity. As known from the literature, in healthy individuals, the PT value is less than half of the PI value whereas the SS is more than half the value of PI. 4, 5 In the studied group of PD patients, on the average, the PT/PI ratio is less than 0.5 and SS/PI is above 0.5, which is in agreement with previously reported data in the literature. 4 Despite this, a higher set of patients in the scoliosis group overcame these normality boundaries in 18% and 20% of the cases, respectively. In PD patients as well, values outside those ranges could potentially predispose to the development of spinal pathology, but further studies are needed to evaluate the biomechanical and clinical consequences in this specific population. The reduction of SSA realized in this cohort corresponded to 90% of the reference value reported in the literature (reference range, 130.4 [8.1] degrees; this study_s results, 117.5 [17.2] degrees). 4 The reduction of SSA was even more marked in PD patients with scoliosis and corresponded to 85% of the expected value (reference range, 130.4 [8.1] degrees; this study_s results, 111.6 [21.9] degrees). This pronounced alteration can be considered as a specific pathologic biomechanical marker of sagittal positive imbalance in PD patients with scoliosis, considering the fact that patients affected by nonneurologic diseases or by mechanical diseases of the spine, such as degenerative disk disease or spondylolisthesis, usually present higher values of SSA. 16, 17 In these cohorts of patients, different from what was noted by other authors, 25 SSA and SPA reductions cannot be considered as morphologic adaptations specifically linked to the duration of the disease. Among the different morphologic parameters included in the physical examination, the ATR value presented a positive correlation with the severity of scoliosis in the scoliosis group. Consequently, as in adult scoliosis, the ATR parameter can be considered as a morphologic indicator of scoliosis during a routine medical examination to screen an eventual progression in scoliotic deformity observed in PD patients.
Limits and Strengths
The main limitations of the study are the limited number of participants and the absence of a control group of healthy subjects or those not affected by a neurologic spinal deformity. However, the authors aimed to propose some preliminary considerations based on the data and to pose the basis for further analyses in larger groups of patients affected by PD with the aim of progressively having a better understanding of sagittal balance perturbations in PD patients with and without scoliosis. For ethical reasons, the authors considered excluding healthy subjects and they decided to refer to the existing literature database of sagittal balance parameters in healthy subjects of similar age. The main benefits derived from this research include the identification of a more pronounced positive sagittal imbalance and the definition of the role of LL as an important regulatory parameter for SSA and SPA preservation in the population of PD patients with scoliosis.
CONCLUSIONS
Looking at the pelvis opens new important insights in spinal disease management, particularly where surgery is concerned, and novel applications in rehabilitation management are constantly underway. Until now, only one study faced the issue of radiographic sagittal balance in PD, with and without scoliosis, focusing chiefly on highly compromised patients that have been fused. In this study, instead, the authors evaluated a broader and more heterogeneous population of PD patients with the intent of having a more representative clinical sample.
The present data show a significant difference in SSA value between the two groups of Parkinson patients, with or without scoliosis, with respect to sagittal parameters. The loss of normal correlations among sagittal parameters and the fact that only in the PD group with scoliosis were there subjects showing clear signs of sagittal imbalance (such as hyperkyphosis, LL below 20 degrees, and lumbar kyphosis) point out that scoliosis could be a sign or a consequence of a significant disturbance of the sagittal balance. In this respect, the higher prevalence of scoliosis in camptocormia patients, which did not reach statistical significance because of the reduced number of patients, could be regarded as an important clue for future studies.
Clinical and functional implications include the possibility of using some radiologic parameters (SSA, SPA, and spinal tilt) for the identification of patients who may have an increased fall risk given the presence of a more severe spinal deformity. In PD patients with scoliosis, the presence of a more pronounced positive imbalance could affect ambulation and standing tolerance performance.
Parameters like SSA, SPA, and spinal tilt, as well as SS/PI and PT/PI ratios, may have relevant significance in terms of functional implications at the spinal level in PD patients, suggesting that further research about this topic may be worthwhile on larger cohorts of subjects.
